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@ Multi-layer coating process Involving use of ai|tjeous baeeooat oompoalUon containing 
end having a pteudoplastio or thbcotroplo character. 

@ A process for producing a mutti-lsyer coating upon 

a substrate surface. In which there is firat applied to 

the surface a pigmented basecoat composition and then 

there la applied to the baaecoat fiim a tranaparent top- 
coat compoaition: characterised In that the basecoat 

composition Is based upon a dispersion in an aqueous 

medium of crosslinlced polymer mtcropartldes which 

have a diameter of 0.01-10 microns, are insoluble In 

the aqueous medium and are stable towards groas floc- 
' culation, the dlaperalon having a pseudoplastic or thixo- 
I tropic character. 



croaallnhed polymer microparticles 
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NULmuAYEPL COATING PROCESS »NVous/ik>C uSe of Ae^ygQCg 
OAgg^A^ c^Mpcomw cxtf^AiNjMC PouyHgj^- 

This invention relates to the application of 
protective and decorative coatings to siarfaces, 
particuleurly the surfaces of automobile bodies. - 

It is well knovm to employ, especially in the 
5 automobile industry , coating compositions which contain 
metallic pigments; these are the- so-called "glamour 
metallic" finishes whereby a differential light reflection 
effect, depending on the viewing angle, is achieved. To 
maximise this "flip" tone effect, careful formulation of --^ 
10 the coating composition in regard both to the film- 
forming resin and to the liquid medium is required. 
Difficulties may be encountered in formulating a single 
composition whic^ both meets this objective and at the 
same time achieves a high degree of gloss in the final 
15 finish such as is usually desired in the automobile field. 
?or this reason, one of the procedures which has been 
proposed for producing metallic finishes is a two-<:oat 
procediore, in which there is first applied by spraying, 
to the surface of the substrate, a basecoat containing 
20 the metallic pigment and formulated so as to give the 
optimxam "flip" effect, and there is then applied over 
the basecoat, again by spraying, an unpigmented topcoat 
which will yield the desired degree of gloss without in 
any way modifying the characteristics of the basecoat* 
25 For a successful two-coat metallic finish system 

of this "basecoat/cleaurcoat". type, an essential criterion ' 




latter is subsequently applied, in order to avoid disturb- 
30 ance of the metallic pigment and hence impairment of the 
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"flip" effect; it is, moreover, very desiralsle that the 
hasecoat film should possess this property without the 
need for an extended intermediate drying or curing 
operation. 

In the known hasecoat/clearcoat systems, in 
which both the hasecoat and the clear coat con^ositions are 
organic solvent -borne, this requirement has in most cases 
been met by the use of an additive capable of imparting a 
gel-*like character to the freshly formed basecoat film; 
the additive which has predominantly been used is cellu-> 
lose acetate butyrate. The transition between the 
relatively low viscosity, which the basecoat composition 
is required to have at the spray gun, and this gel-like 
character is assisted by arranging that the liquid diluent 
of the composition contains volatile components which are 
preferentially lost by evaporation during the passage from 
the spray gun to the substrate « 

For reasons of avoiding atmospheric pollution, 
considerable interest has developed in recent years in 
coating conpositions which en^loy water as the diluent 
rather than organic solvents. A nuxsber of such compositions 
has been proposed for use in the automobile industry. It 
has not, however, hitherto been possible to employ water- 
borne compositions satisfactorily as the basecoat compon- 
ent of a basecoat/clearcoat system. One of the factors 
tending to inhibit the successful achievement of such an 
objective is the extreme difficulty of arranging for 
controlled selective loss of diluent from the basecoat 
composition by evaporation between spray gun and substrate, 
except by means of very expensive regulation of the axnbient 
humidity in the spray area. We have, however, now found 
that a satisfactory water-borne basecoat composition can 
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be based upon an aqueous dispersion of a crosslinked 
polymer mierogel. 

TSxas according to the present invention there 
is provided a process for the production of a xnalti-layer 
5 protective and/or decorative coating upon a substrate 
surface, which con\prises the steps of 

(1) applying to the surface a basecoat coxnposition 
cos^ising (a) film-forxaing material (b) a volatile 
liquid mediim for the said material and (c) pigment 

10 particles dispersed in the said liquid medium; ' 

(2) forming a polymer film upon the surface from the 
composition applied in step (1) ; 

(3) applying to the basecoat film so obtained a trams- 
parent topcoat composition comprising (d) a film- 

15 forming polymer and (e) a volatile carrier liquid 

for the said polymer; and 

(4) foxnaing a second polymer film upon the basecoat film 
from the composition applied in step (3) , 

characterised in that the constituents (a) and (b) of the 
20 basecoat composition are provided by a dispersion in an 

aqueous medium of crosslinked polymer microparticles which 
have a diameter in the range O.Ol to lO microns, are 
insoluble in the said aqueous medioim and are stable towards 
gross f locculation, the dispersion having a pseudoplastic 
25 or thixotrppic character. 

Tti& crosslinked polymer microparticles may be 
composed of various types of polymer. Of paurticular interest 
for this purpose are the .acrylic addition polymers, der. ed 
from one or more alkyl esters of acrylic acid or methacj:^ Lc 




include methyl methacrylate, ethyl methacrylate, propyl 
methacrylate, butyl methacrylat , ethyl aery late, butyl 
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aery late and 2-etliylliexyl aery late. Suitable otlier, 
copolymerisable monomers include vinyl acetate, vinyl 
propionate, aery lonitr lie, styrene and 
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vinyl toluene* Since the polymer is required to be cross- 
linked » tliere may be included in the monomers from which _ 
the polymer is derived a minor proportion of a monomer . 
which is poly functional with respect to the polymeris- 
5 ation reaction, e.g. ethylene glycol dimethacrylate, 

allyl methacrylate or diviny Ibenzene ; alternatively there 
may be Included in those monomers minor proportions of 
two other monomers carrying pairs. of chemical groups 
which can be caused to react with one smother either 
lb during or after the polymerisation reaction, such as epoacy 
and carboxyl (as for exair^le, dLn glycidyl methacrylate 
and methacrylic acid) , anhydride and hydroxyl or iso- 
cyanate and hydroxyl. 

The chemical composition and degree of cross - 
15 linking of the microparticle polymer may be such that it 
has a Tg (glass-rubber trEuisition temperature) below room 
temperature, in which case the microparticles will be 
rubbery in nature; alternatively, it may be such that the 
Tg is above room temper attar e, that is to say the particles 
20 will be hud and glassy. 

As already specified, it is necessary that the 
polymer microparticles be dispersed in the basecoat 
composition in a state which is stable towaurds gross 
f locculation, that is to say, a state in which, even at 
25 low solids contents, the dispersion contains few if any 
multi-particle aggregates; this does not, however, 
preclude the possibility of a slight degree of particle 
f locculation especially at higher solids contents. This 
state may be achieved, for example, by steric stabilise 




are solvated by the aqueous medium of the composition' 
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and hence exist in a chain-extended configuration. In 
this context r the term "solvated" iniplies that the polymer 
chains in question^ if they were independent molecules, 
would be actually soluble in the said aqueous medixam; 
5 however, because the chains are in fact attached to the 
micropeurtlcles at one or more points along their lengthir_ 
the steric barrier remains permanently attached to the 
microparticles. Polymer microparticles which are sterically 
stabilised in this way may conveniently be produced by a 

lO process of dispersion polymerisation o£ the appropriate 
monomers in the aqueous medium, in the presence of a 
steric stabiliser. The stabiliser is amphipathic in nature, 
that is to say it contains in the molecule two essential 
polymeric components of differing characteristics : one 

15 component is a polymer chain which is solvated by the 

aqueous meditim, and the other component is a polymer chain 
which is not solvated by that medivim and in consequence 
anchors itself to the polymer microparticles which are by 
definition insoluble in the aqueous medium. Suitable dis* 

20 perslon polymerisation processes are described in our 

British Patent Application No. 7940088 (now published as 
Application No. 2039497 A) . OSie ac[ueous medium in which 
the polymerisation is carried out consists of water 
admixed with a volatile organic co-solvent, the mixture 

25 as a whole being capable of dissolving the monomers, 
most or all of which would be substantially insoluble 
in water alone, ^ese procedures involve the additional 
requirement that the polymerisation be conducted at a 
temperat\are which is at least lO^C higher than the glass 

3o traxisition temperature of the polymer which is to be 
formed, cmd in such a manner, that at no time is there 
present a separate monomer phase. Ihe eunphipathic steric 
stabiliser may be added to the polymerisation mixture as 
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a pre-^formed substance, or it may be formed in situ 
during the polymerisation from a polymer which ia soluble 
in the aqueous medium and is able to copolymer ise with, . 
or, through hydrogen abstraction, to xandergo grafting by, 
5 some of the monomer being polymerised. Ihe sterically 

stabilised microparticle dispersions which are obtained 
by these procedures are very suitable for the formulation 
of basecoat coxnpositions to be used in accordance, vith 
the present invention, since it is possible to remove the 
lO organic co-solvent from them by distillation without 

impairing the stability of the disperse phase, yielding a 
product in which the continuous phase consists solely of 
water. 

Alternatively, the dispersion of polymer micro- 
15 particles may be obtained by the aqueous emulsion polymer- 
isation of the appropriate monomers, in which case ther 
stability towards f locculation is conferred by the 
presence on the particles of electrically charged species 
derived from a water-soluble, ionised surfactant and/or 
20 a water-soluble, ionissUble polymerisation initiator. Such 
polymerisation processes are extensively described in 
the literature- 

Yet again, the polymer microparticles may be 
made by a process of non-aqueous dispersion polymeris- 
25 ation of monomers, followed by transfer of the resulting 
polymer to the aqueous medium. Sxzch a procedure is 
described in our British Patent Application No. 42 457/77. 
(now p\ablished as Application No. 2006229 A) . It involv-:.- 




both in the non-aqueous liquid and in water, using any 
of the procedures which are well known in the art. for 
making such dispersions; then in a 
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second step polymerising in the dispersion thus obtained, 
in the presence of a steric stabiliser, one or store 
monomers which can give rise to a second polymer which is 
ixaherently soluble in the desired aqueous medixam at an 
appropriate pH; and finally transferring the resulting 
composite polymer microparticles from the non-aqueous 
medium to the aqueous meditm. . 

ThB foregoing discussion has centred on the 
case where the cross linked polymer microparticles are 
con^osed of an addition polymer, this being the most 
convenient type of polymer for the present purpose- It 
is possible, however, for the microparticles alternatively 
to be composed of a condensation polymer, for example a 
polyester prepaured from a polyhydric alcohol and a poly- 
carbos^lic acid. Suitable polyhydric alcdhols include 
ethylene glycol, propylene glycol, butylene glycol, 
l:6-hexylene glycol, neopentyl glycol, diethylene glycol, 
triethylene glycol, tetraethylene glycol, glycerol, tri- 
methylolpropane, trimethylolethane, pentaerythritol, 
dipentaerythritol, tripentaerythritol, hexanetriol, 
oligomers of styrene and allyl alcohol <for exaxnple that 
sold by Monsanto Chemical Con^any under the designation 
RJ ICO) , the condensation products of trimethylolpropane 
with ethylene oxide or propylene oxide (such as the 
products known commercially as "Nlax" triols : "Niax" is 
a Registered Trade Mark) . Suitable polycarbos^lic acids 
include succinic acid (or its anhydride) , adipic acid, 
azelaic acid, sebacic acid, maleic acid (or its anhydride) , 
ftamaric acid, muconic acid, itaconic acid, phthalic acid, 
(or its anhydride) , isophthalic acid, terephthalic acid, 
trimeilitic acid (or its anhydride) and pyromellitic 
acid (or its anhydride). Such polymers are caused to be 
crosslixdced by the incorporation of materials of ftmction- 
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ality greater than two in the starting composition, 
altho\2gh in this case, because of the characteristically 
broad distribution of molecular species formed in a 
condensation polymerisation as compared with that of an 
5 addition polymerisation, it may be difficult to ensure 
that all these species are in fact crosslinked« 

It will be appreciated that the methods Which 
have been referred to above for xoalcing polymer nicro- 
paurticles by polymerisation of addition-type monomers in 
10 an aqueous medium eu:e not, in general, applxcsdale to 
condensation-type monomers because of the inhibiting 
effect of water on the condensation reaction. Condensation 
polymer microparticles may, however, readily be made by 
dispersion polymerisation in non-aqueous media according 
15 to the procedures described in our British Patent Specif- 
icationsNos. 1,373,531; 1,403,794 and 1,419,199 and 
methods of obtaining crosslinked microparticles are 
included in these descriptions- Such microparticles may 
then be subjected, in dispersion in the non-aqueous 
20 medium, to the second polymerisation step of the procedure 
of British Patent Application No. 42457/77 .(ptablished 
Application No. 2006229A) referred to above, followed by 
their transfer to the chosen aqueous medium. 

By "aqueous meditam" is meant herein either 
25 water alone or water in admixture with a water -miscible 
organic liquid such as methanol; the aqueous medium may 
also contain water-soluble substances Introduced for th<r. 
purpose of adjusting the pH of the basecoat con^osit:.'!. 
as discussed in more detail below. 
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osltion may range in size from 1 to 50 microns and may 
be of any of tlie pigments conventionally used in^'siirface 
^.coating compositions, incXuding ^inorganic pigment a such 
as titanixim dioxide, iron oxide, chramiTom oxide, lead 
chr ornate and carbon black, and organic pigments such as 
^pbthalocyanine bltie and plithalocyanine green, carbazole 
violet, anthrapyrimidine yellow^ flavanthrone yellow, . . 
iaoindoline yellow, indanthrone blue# quinacridone 
violet and perylene reds. For tbe present purposes, the 
term "pigment" is here meant to embrace also conventional 
fillers and extenders, such as talc or kaolin* 

Hhe process of the invention is of particular 
relevance to the case of basecoat compositions containing 
metallic flake pigmentation whic& are intended for the 
production of "glamour metallic" finishes chiefly upon the 
surfaces of automobile bodies as previously discussed, 
suitable metallic pigments including in particular alumin* 
ium flake and copper bronze flake. However, the invention 
offers advantages also in the production of "solid colotir" 
finishes, as discussed below. in general, pigments of 
ajiy kind may be incorporated in the basecoat compositions 
in an amount of from 2% to lOO^ of the total weight of the 
coxnposition. Where metallic pigmentation is employed, this 
is preferably in an amount of from 5% to 30^4> by weight of 
the aforesaid total weight. 

Such pigments, whether metallic or otherwise, 
may be incorporated into the basecoat compositions with 
the aid of known pigment dispersants suitable for use in 
aqueous ays t ems • 

The presence of the cross linked polymer micro- 
particles in the basecoat composition confers upon the 
film derived from the latter the desired ability to with* 
stand 8ubseq[uent application of the .topcoat coxnposition 
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without disttirbance of the film or of the pigmentation, 
. . - in particulsu: metallic pigmentation, which it contains 

and without which » therefore, a successful basecoat/cleaur- 
coat system cannot be achieved. 
5 In addition to this essential feature/ it is 

also required, as stated above, that the dispersion of 
insoluble mi cropar tides should possess a pseudoplastic 
or thlxotropic chuacter. By this is meant that t. » 
apparent viscosity of the dispersion will differ ac6ording 
lO* to the degree of shear to which the dispersion is subjected 
and, more particularly, that the apparent viscosity under 
low shear is greater than it is under high shear. The 
change in viscosity consequent upon a change in the shear 
applied may be instantaneous or it may requdLre a finite 

^, 15 time interval which is nevertheless within the time scale 

of the viscosity measurement. The reason for requiring 

\l this character in the dispersion on which the basecoat 

composition is based is most apparent in the case where 
that composition contains a metallic flake pigment. It is 
20 then desirable that the total concentration of non-volatile 
solids present should be relatively low, in order to 
achieve a sxibstantial shrinkage of the basecoat film after 
application to the substrate and diuring the drying oper- 
I ation, and thereby to ensoxre correct orientation of the 

.f 25 metallic flake and hence optimum "flip" effect. It is, 

however, necesssury, where the basecoat composition is tc 

v5 be applied to a substrate by spraying, that the corapo«it- 

,.1 ion should have a low enough viscosity for efficient oi ra • 




prevent "sagging" or "running" of the film, or the develop- 
ment of "sheariness" (\ineven distribution and orientation) 
of the metallic flake, even if the loss cf water and other 
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solvents by evaporation belrween the spray gun and the 
substrate is only slight (owing to a high ambient 

^hpmidity) • .. ^ 

The possession of such pseudoplastic properties 
is often expressed by quoting values of (apparent 
viscosity in poise) at selected values of- D (shear rate 
in sec '^^) . In ^e case xtf metallic pigmented basecoat 
coi^positibns to be used according to the invention, the 
value of « at a solids content of less than 3CrA by 
weight non-volatiles, should preferably be less than 0.5 
poise at a shear rate D of 10,000 sec ""^^ and more than 
20 poise at a value of D of 1.0 sec Even more prefer- 

ably, the basecoat concposition should have a value of 
of less than 0.25 poise at a value of D of 10,000 sec 
and of more than 40 poise at a value of D of l.O sec 
In the case of "solid colour" basecoat compositions 
incorporating pigments other than metallic flake, it is 
preferred that again at solids contents below 20%, 
should be less than 1 poise at D = lO^OOO sec and more 
than 5 poise at D = l.O sec ""^7 even more pref erably , 
is less than 0.7 poise at D = 10,000 sec and more than 
lO poise at D = 1.0 sec It is, however, in the 

nature of pseudoplastic or thixotropic behaviour that it 
cannot be fully and accurately defined by a few selected 
viscosity/shear data; much depends upon the actual method 
of viscosity measurement eniployed. It is, therefore, not 
intended that the values quoted above should be considered 
as rigid limits which must be adhered to in order to 
achieve the benefits of the invention? they are, rather, 
given as an approximate guide only and the sJcilled person 
cam readily determine7 by" simple practical tests, whether 
a particulsu: dispersion, or the basecoat composition 
derived from it, possesses the necessary degree of pseudo- 
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i plasticity or tliixotropy. 

\, ... CPhere axe various ways in which a pseudoplastic 

] or thixotropic character can be conferred upon the base-'*" 

1 coat dispersion. In certain cases, no special meastires " ' 

I 51 are requdLred. This may be so, for example, where the 
; microparticles have been prepared by the above-mentioned 

i procedure described in British Patent Application No« 

I 42457/77 (prablished Application No. 2006229A) This 

I procedure involves first of all the production of the 

*| ra polymer microparticles proper by a process of non-aqueous 
dispersion polymerisation of the appropriate monomers, 
followed by polymerisation of further monomers in order 
to produce a second polymer which is essentially non- 
\ crosslinked and is of a hydrophilic character such that it 

i 155 is inherently capable of dissolving in the aqueous medium 
in which the final dispersion is to be formed, at an 
appropriate pH. Not all this second polymer does, however, 
in fact dissolve in the aqueous medium on the transferring 
to it of the product of these two non-aqueous polymeris- 
2XX> ation steps. A substantial part of the second polymer 
remains associated with the polymer micropcurticles, and 
the microparticles are thereby stabilised in dispersion 
in the aqueous medium; at the same time, however, this 
associated polymer may result in the aqueous dispersion 
25 exhibiting pseudoplastic or thixotropic properties. Further 
monomers which are suitable for use in the second polymer- 
isation step are, for exan^le, a hydroxyalkyl ester of 
acrylic acid or methacrylic acid, a monoacrylic or mono- 
methacrylic ester of a polyglycol such as polyethylene 



.V 




4 

,4 
I 



ions of non-hydrophilic monomers such as methyl methacryl' 
ate, butyl aery late, vinyl acetate or, styrene. 
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Alternatively, or additionally, tlie required solubility 
in the aqueous medium can be achieved by using as a major 
monomer constituent an acrylic ester containing ba&ic* 
grot^s, for example dimethylaminoethyl methacrylate or 
diethylaminoethyl methacrylate, these groups being sub- 
sequently converted to salt groups by reaction -with a 
suitable acid, for example lactic acid, dissolved in the 
aqueous medium. Yet agadLn, the second polymer may be 
derived from comonomers containing a substantial proportion 
of a polymer isable carboxylic acid^ such as acrylic acid 
or meUiacrylic acid, and is then capable of dissolving in 
^^aqueous mediiim containing a dissolved base, such as 
dijnethylaminoethanol. In general, therefore, the second 
polymer may be non— ionic # auiionic or cationic in 
charac-ter. 

Where the polymer microparticles have been 
made by a process of aqueous emulsion polymerisation as 
is well known in the art, a second, inherently water-soluble, 
polymer may be produced by further polymerisation, in the 
same aqueous mediiom and in the presence of the micropart- 
icles, of monomers giving rise to a polymer which contains 
acidic salt -forming groups that can confer water -solubil- 
ity. Thus suitable monomers are polymerisable carboxylic 
acids such as acrylic acid or methacrylic acid, if 
desired together with minor proportions of non-hydrophilic 
monomers such as methyl methacrylate and also of hydro- 
philic monomers which give rise to water-insoluble homo- 
polymers, e.g hydroxyethyl methacrylate and hydroxy- 
propyl methacrylate. 

Where the polymer microparticles have been made 
by a process of dispersion polymerisation in axi aqueous 
medium as described above with reference to otir British 
Patent Application No. 7940088 (piilished Application No. 
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2039497A) , the second, water-soluble polymer can conven- 
iently be generateid by further polymerisation in the same 
xnediTom of suitable monomers such as those men-tibned in*-'^; 
the preceding paragraph and also basic monomers such as 
5 dimethylaminoethyl methacrylate, from which water-soluble 
salt derivatives can be generated, 

Hot all water-soluble polymers generated in situ 
in the presence of the microputicles by any of v *^ above- 
described methods will be capable of conferring the 
l6 . desired pseudoplastic properties upon the basecoat comp- 
osition, but suitable polymer compositions can be arrived 
at by a process of simple trial experimentation involving, 
for example, measurements of viscosity at selected diff- 
erent shear rates as described aibove, or actual application 
15 of the compositions to a subatrate. 
• Instead of generating a suitable water-soluble 

polymer in situ , or in addition thereto, such a polymer 
X may be added, as a pre-forraed separate ingredient, to the 

aqueous dispersion of the micropar tides. Suitable polymers 
20 aure those which, when dissolved in the aqueous medium even 
at low concentrations, bring about a considerable enhance- 
ment of the viscosity of the coxi^osition. For example, 
there may be added one or more of the thickeners which 
are well known for use in coating compositions based on 
25 aqueous pol3^er latices. Not all such thickeners are, 
however, suitable for the present piarpose, since some 
thickeners are not capable of conferring the necessary 
pseudoplastic properties upon the composition to which 

I 




exhibit such properties may confer those properties upon 
the dispersion of the micropar tides through interactions 
between it and the microparticles (e.g. through hydrogen 



I 
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bonding or interaction of polar groups). One commercially 
available thickener which has been found to be very 
.suitable jLs "Acrysol" ASE60., made by. Rohm. &..Haas ("Acrysol". 
is a Registered Trade Mark) . 

Whilst it follows that any inherently water- 
soluble polymer which is associated^with the polymer 
micropartxcles or is added to ^tfae micrqparticle dispersion, 
for the purpose of ixnparting pseudoplastlc or thlxotropic 
properties- to the dispersion^ must of its natiare be non- 
crosslizdced, such polymer may nevertheless if desired, be 
of the crosslinkable type. fThat is to say, it may contain 
chemically reactive groups whereby it may be caused, 
optionally with the aid of an added crosslinklng agent, 
to become crosalixiked after a^llcation of the basecoat 
coxiKposition, and preferably also of the topcoat conposition, 
to the substrate. Thus the polymer may contain, as already 
indicated, hydroacyl or carboxyl groups derived from mono- 
mers bearing those groups, and may be subsequently cross- 
linked with the aid of an amino resin, e.g. a methylated 
melamine--f ormaldehyde condensate, which is soluble in the 
aqueous medium. 

Prom the foregoing description, it will be seen 
that the basecoat composition can consist exclusively of 
the polymer microparticles, the pigment particles, the 
aqueous medixam in which both groups of particles are dis- 
persed, and inherently water-soluble polymer which impsurts 
pseudoplastlc properties to it. However, it is much prefer- 
red that the composition should also incorporate a film- 
forming polymer which is soluble in the aqueous medium, in 
order to ensure that, subsequent to the. application of the 
basecoat to a substrate and evaporation of the aq[ueous 
medium, there is mattelal present which can coalesce so as 
to fill the voids between the microparticles and thus 
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produce a coherent, adequately integrated film in step (2) 
of the process. CThis function may indeed be fulfilled by 
a portion of an inherently water -soluble polymer which is 
present in the composition, as described above, :for the ^« 
5 purpose of conferring pseudoplastic or thixotropic proper- 
ties upon it, but, in view of the generally low proportions 
of such polymer which is required for that ptirpose, it may 
be desirable to supplement it by one or more othe. * water- 
soluble film-forming materials introduced into the cu-npos- 

Id ition, which may optionally be chemically reactive with 
constituents already present* Thus the composition may 
contain oligomer ic substances which can be converted to 
high moleculeu: weight products subsequent to application 
of the composition but which do not in themselves contrib- 

IST ute significantly to the viscosity of the composition 
before application. 




■I 

A 

/ 
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In tills coxmection tbere may be nient:loned dlols of lov 
volatility sucli as 2*-ethyl->l, 3-liexanedlol, low molecular 
weight polypropylene glycols, low molecular wexgfat add- 
ucts of ethylene oxide with dlhydrlc or trlhydrlc 
alcohols such as neopentyl glycol, blsphenol A, cyclo-^ 
hexanedlmethanol, glycerol and trimethylolpropane, 
3-hydro3cyalkylamides such as 1?,N,N^,N^- tetrakis - 
(0-hydroxyethyl) adlpamlde and cyclic amides and esters 
such as € -caprolactam and 6-caprolactone« Where such 
materlals.are not significantly soluble In pxure water, 
they should be soluble In the aqueous medium consist- 
ing of water together with the water -mlsclble organic 
liquid as previously described. Any of these ollgomerlc 
substances can be converted to a high molecular weight 
polymer « after application of the basecoat conqposltlon 
to the substrate, by llnldng thCTi through their hydroxy 1 
or other reactive groups by means of a polyfunctlonal 
reactant also present In the composition. F'Utlcularly 
useful for this purpose are amino resins soluble In the 
aqueous medium of the composition. In paurtlculauc mela m ine- 
formald^yde condensates such as hexa (al3coxymethy 1) mela- 
mines and their low molecular weight condensates* 

As an alternative to Its containing constituents 
which produce a film-forming polymer subsequently to its 
application to the sxibstrate, the basecoat composition 
may contain a pre— formed water-soluble acrylic polymer 
which does not confer pseudoplastlc properties upon it, 
or it may contain in dispersion particles of non-cross- 
Unked polymer which are stabilised In a similar fashion 
to the crossllnked mlcropartlcles present. Either of such 
alternative, constituents may. If desired, contain funct- 
ional groves such as hydroxy 1 qvovj^a whereby they can 
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become crosslinked, after application of the composition 
to the siibstrate, by means of a crosslinking agent, e.g. 
an amino resin. 

The relative proportions of the various 
5 constituents of the basecoat composition may vary widely 
and the optimoam proportions in any individual system are 
often best determined by experiment, but some generally 
guiding principles can be stated. In particular, the 
proportion of the polymer micropaur tides is too hig*. in 
Id relation to the other film-forming material present in 
the composition, as described above, there will not be 
sufficient of the latter material to fill the voids 
between the micr ©particles; in consequence, on sxabsoquent 
application of the clear coat, composition there will be a 
rs tendency for that composition to sink into the basecoat 

film, with resultant loss of gloss. If, on the other hand, 
the proportion of raicroparticles is too low, it may not 
confer on the basecoat composition the desired degree of 
protection against attack by the solvent present in the 
20 clearcoat composition; to some extent, a lower level of 
micropcLrticles can be compensated for in this respect by 
allowing a longer period for the basecoat film to flash 
off or dry off before the clearcoat is applied, but this 
diminishes one of the chief advantages to be gained from 
2 5 the present invention. In general, a satisfactory level 
of the microparticles will lie in the range 5 - SO% by 
weight of the total non-volatile content of the basecoat 
composition. The optimum level depends, however, in som*5: 
degree upon whether the pigment present in the basecoat 




is 40-7 5% by weight on the foregoing basis. For "solid 
colour" compositions, because of the generally higher 
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proportions o£ pigment reqtdxed in order to achieve 
adequate opacity at fairly low film thicknesses, the 
preferred xnicroparticle content range .is rather -lower* 
namely lO - 50% by weight on the same basis as before. Ihe 
5 reduced proportion of microparticles avoids an excessively 
high total volume fraction Of dispersed material which 
could result in a porous basecoat film and hence sinkage 
into it, and poor gloss, of the' topcoat film. 

Again in general terms, it may be stated that 

lO the proportions used in the composition of a thickener, 

or of a second polymer conferring pseudoplastic properties, 
may range from 0.3% to 50% by weight of the total non- 
volatile content; the amount present of other f ilm-fonaing 
material may be in the range o ZO% by weight and, where 

15 a cross-lixiking agent such as sua amino-!-resin is present, 
this also may amount to up to 2Q% by weight of the total 
non^volatile content of the basecoat composition. Ttie 
basecoat composition may, if desired, additionailly contain 
a catalyst for any crosslinking reaction which is required 

20 to take place after application of the composition to the 
aisbstrate. This may be a water-soluble acidic compound, 
such as p^toluenesulphonic acid, orthophosphoric acid, 
maleic acid or other strong carboxylic acid such as tetra- 
chlorophthalic acid? alternatively, it may be a heat-labile 

25 salt of such an acid with a volatile amine. 

The nature of the film-forming polymer constit- 
uent of the topcoat composition employed in step (3) of 
the process of the invention is in no way critical. There 
may in general be used any suitable film-forming polymer, 

30 which may be of either the thermosetting or the thermo- 
plastic type. One siiitable class of polymer consists of 
those which are derived from one or more ethylenically 
unsaturated monomers. Particulaurly useful members of this 
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class are the acrylic addition polymers which are well- 
established for the prodxiction of coatings in the auto- 
mobile industry, that is to say polymers or copolymers 
of one or more aUcyl esters of acrylic acid or methacrylic 
5 acid, optionally together with other ethylenically un- 
saturated monomers. Suitable acrylic esters include 
methyl methacrylate, ethyl methacrylate, propyl meth- 
acrylate, butyl methacrylate, ethyl acrylate, butyl 
acrylate and 2-ethylhexyl aery late. Suitable other, 
iO copolymerisable monomers include vinyl acetate, vinyl 
propionate, acrylonitrile, styrene and vinyl toluene. 
Where the acrylic polymer is required to be of the thermo- 
setting crosslinking type, suitable functional monomers 
to be used in addition to the latter include acrylic 
15 acid, hydroacyethyl acrylate, hydroxyethyl methacrylate, 
2-hydroxypropyl acrylate, 2^ydroxypropyl methacrylate, 
N- (alkoxymethyl) acrylamides and N-(alkoxymethyl) meth- 
acrylamides, where the alkoxy groups may be, for excunple, 
a butoacy group, glycidyl acrylate and glycidyl methacryl- 
20 ate. The topcoat composition may in such a case contain 
also a crosslinking agent such as a diisocyanate, a 
diepoxide or, especially, a nitrogen resin, that is to say, 
a condensate of formaldehyde with a nitrogenous concpound 
such as urea, thiourea, melamine or benzoguanamine, or a 
25 lower alkyl ether of such a condensate In which the alkyl 
group contains from 1 to 4 cairbon atoms. Particularly 
suitable crosslinking agents are melamine— formaldehyde 
condensates in which a substantial proportion of the 
methylol groups have been ether if ied by reaction with 
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a?he topcoat composition may Incorporate a 
soiitable catalyst for the cross lixaking reaction between 
the acrylic polymer and the crosslixiking agent, for • 
example an acid*-reacting compoimd such as acid butyl 
5 maleate, acid butyl phosphate or p-toluene sulphonic 

acid. Alternatively the catalytic action may be. supplied, 
by the incorporation of free acid groups in the. acrylic 
polymer, for example by the use of acrylic acid or meth* 
acrylic acid as comonomer in the preparation of the 
IC polymer. 

She topcoat polymer may be either in solution 
or in stsible dispersion in the volatile carrier liquid 
of the topcoat cdnposition, in other words, the carrier 
liquid may be either a solvent or a non-solvent for the 

15 topcoat polymer. Where the liquid is to be a solvent, it 
may be any of the organic liquids, or mixtures of organic 
liquids, which are conveniently used as polymer solvents 
in coating compositions, for example aliphatic hydro- 
carbons such as hexane and heptane, aromatic hydrocarbons 

20 such as toluene and xylene, and petroleum fractions of 
various boiling point ranges which are predominantly 
aliphatic but have a significant siromatic content, esters 
such as butyl acetate,, ethylene glycol diacetate and 
2^thoxyethyl acetate, ketones such as acetone and methyl 

25 isobutyl ketone, and alcohols such as butyl alcohol. TtiB 
actual liquid or mixture of liquids selected as the 
carrier liquid will . depend upon the nature of the topcoat 
polymer, according to principles which are well-known in 
the coatings eirt, in order that the polymer shall be 

30 soluble in the liq^iid. 
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Where the carrier Liquid is to be an organic 
non-solvent, it will tend to be of rather lower polarity 
than those just mentioned and may consist of one or more 
aliphatic hydrocarbons such as hexane, heptane or < 
5 petroleum fractions of low aromatic contents optionally 
in admixture with liquids of high polarity such as have 
already been referred to, provided that the total mixture 
is a non-solvent for the topcoat polymer. In such a case, 
the topcoat composition will be a non-aqueous polymer 

10 dispersion, and this will in general be a sterically 

stcLbilised dispersion in which the polymer particles axe 
stabilised by means of a block or graft copolymer, one 
polymeric constituent of which is non-solvatable by that 
liquid and is associated with -the disperse polymer. The 

15 well-known principles according to which such dispersions 
may be prepared have been extensively described in the 
patent auid other literatiure, for example in British 
Patent Specifications Nos. 941,305; 1> 052, 2 41; 1,122,397; 
and 1,231,614 and in "Dispersion Polymerisation in 

20 Organic Media" ed. K.E. J .Barrett («7ohn Wiley and Sons, 
1975) . 

Alternatively the topcoat composition may, like 
the basecoat composition, be water-borne and in this case 
also the topcoat polymer may be either in solution or in 
25 a state of stable dispersion in an aqueous meditim. In the 
case of a dispersion, this may be sterically stabilised, 
as for example when it has been prepared by an aqueous 
dispersion polymerisation procedure such as that of 
British Patent Application No. 7940088 (published Appli : - 




stabilised, as for example when it has been prepared by 
the well known aqueous emulsion polymerisation techniques. 



V.1 
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UnlUce tbe polymer siicropartlcles of tlie basecoat^ 
composition, the topcoat polymer will always be of the 
thermosettd-zig type and hence capable of becoi^ing eross- 
linked after application to the substrate, optionally 
with the aid of a .crosslinklng agent. 

Usually r the toppqat -COxnposAtipn.yilllbe . 
substantially colourless so that the pigmentation effect 
due to the basecoat is not significantly modified, but it 
may be desirable in some cases, more usually where the 
basecoat contains a metallic pigment, to provide a trans- 
parent tinting of the topcoat composition. 

In the first operational step of the process of 
the invention, the basecoat composition is applied to the * 
surface of the substrate, which may be previously primed 
or otherwise treated as conventional in the art. The 
substrates which are of principal interest in the context 
of the invention are metals such as steel or aluminium 
which eore commonly used for the fsJaricatioxi of automobile 
bodies, but other materials such as glass, ceramics, wood 
and even plastics can be used provided they are capable 
of withstanding the temperatures at which final curing of 
the multilayer coating may be effected. After application 
of the basecoat composition, a polymer film is formed 
therefrom upon the surface of the substrate. If desired, 
this may be achieved by subjecting the substrate and the 
applied coating to heat in order to volatilise the water 
and any organic liq[uid diluent therein, and it lies within 
the scope of the invention to employ a heating temperature 
sufficient to crosslink the basecoat film in those cases 
where the composition contains a film-forming material 
- of the thermosetting type. Howevearr a- -par L icJutar* merit of 
the present Invention is that it is sufficient to allow 
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only a shorli period o£ drying in order to ensure that 
the topcoat composition can be applied to tlie basecbat 
film without there being any tendency for the former to 
mix with or dissolve the latter in a way which can, for 
5 example, interfere with the correct orientation of metallic 
pigmentation, whereby optimum "flip'* effect is achieved* 
Suitable drying conditions in any individual case will 
depend, inter alia, on the ambient humidity but in 
general a drying time of from 1 to 5 minutes at a temp-- 

10 erature of from 15^ to 80^C will be adequate to ensure 
that mixing of the two coats is prevented- At the same 
time, the basecoat film is adequately wetted by the 
topcoat congposltionr so that satisfactory inter-coat 
adhesion is obtained. 

15 After application of the topcoat composition to 

the basecoat film, the coated substrate may be subjected 
to a heating or curing operation In which the volatile 
carrier liquid of the topcoat is driven off and option- 
ally in which the film-forming material of the topcoat 

20 and/or that of the basecoat, is crosslinked with the 

aid of the crosslinklng agent (s) present. This heating 
or curing operation is usually carried out at a tentper- 
ature in the range lOO - 140^C, but, if desired, a 
lower temperature than this may be employed provided it 

25 is sufficient to activate any necessary crosslinking 
mechanism. 

In performing the process of the invention. 



the basecoat and topcoat compositions may be applied to 

H 




results sure thereby achieved in regeurd to both pigment 
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control, especially of met:alllc pigment orientation, smd 
gloss. Any of the known spray procedures may be adopted, 
such as compressed air spraying, electrostatic spraying, 
hot spraying and airless spraying, and either manual or 
5 automatic methods are suitable. 

The thickness of the basecoat-f ilm applied is - 
preferably from 0.5 to 1.5 mils and that of the topcoat 
from 1 to 3 mils (dry film thiclcness in each case) . 

As will be apparent trcm the foregoing descrip- 

lO tion, the advantage of the invention, so far as "glamour 
metallic" finishes are concerned, is the provision of a 
basecoat/clearcoat system in which atmospheric pollution 
drawbacks are eliminated or much reduced by the use of a 
water-borne basecoat composition, without the sacrificing 

15 of good control of the orientation of the metallic pigment- 
ation. Where "solid colour" finishes are concerned, 
control of the orientation of the pigment is, of course, 
no longer a significant factor, but it remains an 
advantastge that the basecoat film is not disturbed by the 

20 subsequent application of the topcoat composition and it 
is also found that the basecoat film is much less subject 
to the effect known as "popping" than is a water-borne 
coating which does not contain the polymer mi cropar tides - 
OSie invention is illustrated but not limited by 

25 the following Examples, in which parts and percentages 
are by weight. In these Examples , the quoted apparent 
viscosity values of basecoat compositions were deter- 
mined using two different instruments. The values of -i^^ 
at 10,0CXD sec shear rate were measured using the ICl 

30 Cone and Plate Viscometer in the modification designed to 
cover the viscosity range O - 2.0 poise at the shear rate 
in question. This instrument is described in Journal of 
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the Oil and colour Chemists* ' Association, July, 1966, In 
an article by C.H« Monk and Is manufactured by Research .^ 
Equipment (London) lomltad. -j y 

The values of at 1*0 sec shear rate 
5 were tneasured usln? a "Hheomat 30" concentric cylinder 
viscometer with the 'A' cup and bob; each sample was 
subjected to an applied shear rate of 660 sec until a 
constant shear stress reading was obtained, after which 
the shear rate was immediately changed to l.O sec 
10 the shear stress measured and the viscosity calculated 
from these data. The "Rheomat 30" is manufactured by 
Contraves AG of ZurLdhj "Rheomat" is a Registered Trade 
Mark, 



SXAMPIiE 1 

rs A- Preparation of dispersion of polymeric micro- 

particles in aliphatic hydrocarbon . 

To a reactor fitted with stirrer, thermometer, 

reflux condenser and provision for adding monomer to the 

returning distillate was charged 35.429 parts of heptane. 

20 The latter was heated to reflux temperatxire (95 - 96*^C) 

and the following premixed Ingredients were then added :- 

Methyl methacrylate 5.425 parts 

Azodllsobutyronltrlle 0.420 part 

Graft copolymer stabiliser 
(33*^ solution as described 
below) 




dispersion of polymer, after which the following pre- 
mixed ingredients were fed into the returning distillate 
at a steady rate over a period of 3 hours:*- 



30 
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methyl methacrylate 25.000 parts 

ailyl methacry late 775 part . 

azodiisobutyronitrile' 0.338 part 

graft copolymer stabiliser 
(33% solution as descrihed 

belovr) 5.316 parts 

5 After completion of the feed, the contents of 

the reactor were held at reflux temperatture for a further 

1 hour, following which 12.874 parts of heptane was added 

aoid ref luxlng resumed. The following premixed ingredients 

were fed into the reactor via .the returning dlstllla:te at 

10 a steady rate over 1 hour:- 

methyl methacrylate 3.883 parts 

butyl aery late 3 .066 parts 

hydroxyethylacrylate 2.044 parts 

acrylic acid 1.226 parts 

15 azodiisobutyronltrlle 0.071 part 

graft copolymer s-tablUser 
i33% solution ad described 

below) 2.149 parts 

Following completion of this feed, the reaction 

mixture was held at refl\ax temperature for 1 hotur. A 

stable dispersion of crpssllnked polymer micrqpaxtlcles 

20 was obtained having a total non-volatile solids content 
of 43.5 - 44.5?6 and a content of non-volatile solids 
Insoluble in any polar solvent (viz. gel content) of 
34.5 - 35%. 

Th& graft copolymer stabiliser used in the 

25 above procedure was obtained as follows. 12 -Hydroxy- 
stearic acid was self -condensed to an acid value of 
about 31 - 34 mg KDB/g (corresponding to a molecular 
weight of 1650 - 1800) and then reacted with an equival- 
ent amount of glycldyl methacrylate. The resulting 

30 unsaturated ester was copolymerised at a weight ratio of 
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2:1 with a mixture of methyl methacrylate and acrylic 
acid in the proportions of 95:5. The copolymer was used 
aa- a 33% solution, in. a mixture o£ et-hyl .acetate, JL1^60?4 ^ 
toluene 14.44% , aliphatic hydrocarbon b,p. 98 - 122^C 
5 €1.29% and aliphatic hydrocarbon b.p. 138 • 165*^C 12 .67^. 

Transfer of the polymer microparticles to- 
dispersion in aqueous medium. 

To a reactor fitted with stirrer, thermometer 
and mecuis for removing volatile solvent by distillation 
10 was charged:- 

demineralised water 72.308 parts 

butoacyethanol lO,332 parts 

dimethylaminoethanol 0,529 part 

The contents of the reactor were heated to lOO°C 
15 and. 46.497 parts of the micropartxcle disp^sion from 

I3tage A were then fed in at such a rate that the heptane 
conta±ned in the dispersion was removed by distillation 
without building up any significant concentration in the 
contents of the reactor. The time reqtiired to do this 
20 was about 2 hours and the distillate, consisting mainly 
of heptane with some water, amotinted to 29 - 30 parts.- 

The product was a stable aqueous dispersion of 
the polymer microparticles having a non-volatile solids 
content of 20 - 22% and a pH of 7. 2 - 7. 5. 
25 C. Preparation of aluminium pigment concentrate 



To a stirred mixing vessel was charged 
aliaminium paste (metal content, 65^>6} 5.8 parts 
butoxyethanol 2.9 parts 




at a steady rate over 30 minutes, following which the 
miarture was stirred for a further 1 hour. ' There was then 



/ 



11/17/1999 12:00:21 Sette-30- 



-30 . 0038127 

added 4.84 part:s of hexanethoxymetliylaielamlne and stirring 
was continued for 1 hour; finally, a ftarther 1.93 parts 
of h^camethossfmethylmelainine and 0.97 part of butos^- 
ethemol were added and the mixture was stirred for 1 hour 
5.- more. 

D; Preparation of basecoat compoflltlon 

The following 'ingredients:-^ 

aluminium concentrate 

from stage C 19.34 parts 

mlcropartlcle dispersion 

from stage B 79.61 parts 

10 hexamethoscymethylmelamine 0.46 part 

dimethyl ami noethanol salt of 
p-toluenesulphonic acid, 
lO% solution in demineralised 
water, 3.57 parts 

were stirred together for 1 hour. The basecoat composition 

thus obtained had the following characteristics:* 

Solids content t 27.2% 

IS Apparent viscosity-T|^^ s 35 poise at shear rate 

D « 1 sec""-*- 

O.06 poise approx. at 

shear rate D « 10,000 

sec""^. 

Em Prepguration of acrylic taolvmer for clearcoat 

composition. 

To a reactor fitted with stirrer, thermometer 

20 and reflux condenser was charged:-- 

3cylene 22.260 parts 

aromatic hydrocarbon 
b.p, 190 - 210°C lO.OOO parts 

The mixture was heated to reflux tencper attar e 

(142-146^C) and the following premixed ingredients were 

25 added at a steady rate over 3 hours:- 
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21.49^ parlbs 
4.51 partis 
13.75 pares 
10.05 parts 
0.49 parts 
1.41 parts 



lO 



15 



styrene 

ethyl aery late 

2 -etiiylhescy lacry late- 

hydroxy ethyl aery late 

acrylic acid 

cxunene hydroperoxide 
The reactamts were held at ref li3x teaser ature for a 
ftirther 2 hours, after which there was added 

isobutyl alcohol 12,72 parts 

3^1ene 3.32 parts 

A clear solution of polymer was thus obtained, having a 
solids content of 50%. 

F. Preparation of solvent -borne clearcoat 

coroposition^ 

Tfhe following ingredients were blended 
together s- 

polymer solution from stage £ 
butylated melamine- 



53.3 parts 



20 



formaldehyde resin, 67% 
solution in butamol 

dipentene 

flow-promoting polymer, 
10% solution in xylene 



26.5 parts 
5.0 puts 



0.1 part 
2.0 parts 
13 . 1 paarts 



25 



isobutyl alcohol 
xylene 

A clear solution of 44. 4% solids was obtained. It had a 
viscosity of 40 sees. (B.S. B4 cxtp at 25^C) ♦ 
G. Application of basecoat and clearcoat to a 

substrate. 

Dared with primer and 




osition described in stage D were applied by spray, 
30 without further thinning, at a temperature of 22*^0 auid 
a relative h\amidity of 39%. A two^udlnute flash-off 
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period was allowed between tlie coats; the paint flow rate 
at the spray gun was 400 mis/minute. 

After application of the second basecoat the 
panel was blown with air at 25^C and two coats of cle^r* 
coat contpositlon as described in stage F were applied, 
the clearcoat cooqposltion having been thinned beforehand 
with xylene to a viscosity of 45 sees (B«S. B3 cup at 
2S^C)m Dhe two coats were applied wet on wet with a two- 
minute flaish-off period between the coats. After a fdLnal 
three-minute flash-off, the panel was stoved at 125-130^c 
for 30 minutes. 

The resulting silver metallic coating had 
excellent *flip" and absence of * shear', and was equiv- 
alent in appearance to finishes of the highest degree of 
'flip' obtained from a completely solvent-borne paints 
system. The gloss and inter coat adhesion were good and 
there was no sinkage of the cleetrcoat into the basecoat. 

EXPiMP-LZ 2 

A metal panel was prepared with primer and 
surfacer, then two coats of the metallic basecoat 
composition described in stage D of Example 1 were 
applied by spray, without further thinning, at a temper- 
ature of 25^C and a relative humidity of 58%. A two- 
minute flash-off period was allowed betweeui the coats; 
the paint flow rate at the spray gun was 400 mis/minute. 

After application of the second basecoat, the 
panel was dried at 3 5-42^C for lO minutes and there were 
then applied two coats of the clearcoat composition 
described in stage F o£ Example 1, the clearcoat having 
been thinned beforehand with xylene to a viscosity of 
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45 seconds (B.S. B3 cup at 2S^C) The two coats were 
applied wet^on^et with a two-minute flash^f £ period 
between the coats. After a final three-minute flash-off j 
the panel was stoved at 125-130^C for 30 minutes*^ 

The coating thus obtained had the same 
excellent ciharacteristics.. as .that described in Example 1« 

EXAMPLE' 3- 



A. 



.Si 

I 



lO 



(i) 



15 



20 



(ii) 



(iii) 



Preparation of aqueous dispersion of polymer 
microparticles * 

The following premixes were prepared 
Monomer premix 
methyl methacrylate 
allyl methacrylate 
styrene 

butyl acrylate 

methacrylic acid 

prim— octyl mercaptan 

ammonium salt of sulphate of 
(nonylphenol -h 5 mols* 
ethylene oxide) 

Initiator solution 

ammonium persulphate 

demineralised water 

Surfactant solution 

methyl methacrylate 

ammonium salt of sulphate of 
(nonylphenol 4- 5 mols. 
ethylene oxide) 



18.350 parts 
1.340 parts 
4 .700 parts 
18.800 parts 
1.410 parts 
0.159 part 

0,185 part 

0.130 part 
4«010 parts 

20.000 parts 



20.000 parts 




condenser ana means for controiiec 
separate liquid feeds, was charged: - 
demineralised water 
sxirfactant solution (iii) 



47.641 parts 
O.lOO part 
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charge was heated to 80<-*85^C, then 2,000 parts of 
monomer premlx (i) were added and the mixtiire held at 
80-85^C for 15 minutes. There was then added 1*068 
parts of initiator solution (ii) and the reaction mixture 
5 wais held at the same temperature for 20 minutes. The 
following premixed ingredients were then, fed in at a 
steady rate over 5 hours:- 

monomer premix (i) 42.944 parts 

hydroxyisopropyl methacrylate 2.350 parts 
lO. Over the same 5-hour period^ 3.672 parts of initiator 

solution (ii) was fed in separately at a constant rate. 
Thereafter the reaction mixture was kept at 80-85®C for 
1 hour and then cooled to room temperature, giving a 
stable aqueous dispersion of crosslinked polymer micro- 
15 particles. The dispersion had a total solids content of 
46.6% and a content of non~volatile solids insoluble in 
any organic solvent of 44.5%. 

B. Preparation of basecoat composition 

Premix fiv ) 

20 2.563 parts of the commercial thicOcener known as 

"Acrysol" ASE 60 ("Acrysol" is a Registered Trade Mark 
of Rohm & Haas Company) was stirred with sufficient of 
a 25% solution of dimethylaminoethanol in demineralised 
water to bring the pH to 7.65. Further demineralised 

25 water was then added to a total of 23.956 parts. 
Premix (v ) 

A blend of 29.299 parts of the microparticle dispersion 
from stage A above and 18.614 parts of demineralised 
water was brought to a pH of 7.65 by addition of 
30 sufficient of a 25% solution of dimethylaminoethanol 

in demineralised water. There was then blended in 23.956 
parts of premix (iv) prepared as described above. 
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To a stirred mixer were diaxged:- 

aluminlum paste (metal content, 65%) 5.133 P^^ts 
2-butoxyethanol ^ IS. IM parts 

The charge was stirred for 15 minutes, then the following 

were added:- 

hexaoethoxymethyl meleunine 



polypropylene glycol 
(average mol.wt. 4GO) 



3. 696* parts 

2«464 parts 
Thereafter 



71.869 parts 
1. 623 parts 



and stirring continued for a further 1 hour 
there were added 
10 premix (v) 

demineralised water 
and stirring continued for 1 hour more. The basecoat 
composition thxas obtained had the following character- 
istics 

15 solids content: 20.5% 

apparent viscosity Tj^ 



34«6 poise at shear rate D . 

« 1- sec- 



0.42 poise at D » lo^ooo sec 



-1 



Preparation of acrylic polymer for clearcoat 
composition 

20 To a reactor fitted with stirrer, thermometer 

and reflux condenser was charged 42 .20 parts of isoprop- 
anol. This was heated to reflux temperature (84^C) and the 
following premixed ingredients were then added at a 
steady rate over 3 hoixrss- 
25 methyl methacrylate 19.85 parts 

butyl aery late 24. 80 parts 

hydroxyethyl methacrylate 2.48 parts 




30 



isopropanol 



benzoyl peroxide (60% pa^te 
in dimethyl phthalate) 



part 



0.74 part 
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Tlie reactants were maintained at reflux temperature £or 
^ further .2 hour^^.. There was obtained a polymer evolution 
of 50% solids content. From this there was removed, by 
direct distillation, 28, 87 parts of isopropanol and to the 
5 residue there was added, with stirring, 1«86 parts of 

dimethylaminoethanol followed by 80.35 parts of demlneral^ 
ised water. Distillation of the azeotrope of isopropanol 
and water was then continued up to- a texoperature of 
96--98^C, fTurther demineralised water being added to 

lO replace the distillate. The total amount of distillate 

removed was 118.83 parts and the total amount of further 
demineralised water added was 114.65 parts. There was thus 
obtained to aqueous solution of acrylic polymer having a 
solids content of 33.5%. 

15 D. Preparation of water-borne clearcoat composition 

The following ingredients were blended 

togethers- 



polymer solution from stage C above 


75.16 


parts 


hexamethoxymethylmeleunine 


6.29 


parts 


butoxyethanol 


12.26 


parts 


demineralised water 


5. SO 


parts 


dimethylaminoethanol salt of 
p-toluenesulphonlc acid (pH 7.6) 


0.79 


part 



The clearcoat cos^osltlon thus obtained had a solids 

content of 31.5% and a viscosity of 0.5 poise. 

25 E. Application of basecoat and clearcoat to a 

substrate. 

A metal panel was prepared with prdLmer and 
surfacer, then three coats of the metallic basecoat 
composition described in stage B above were applied by 
30 spray, without further thinning, at a temperature of 

25°C and a relative humidity of 51%. A one-minute flash- 
off period was allowed between the- coats; the paint flow 
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rata at the spray gun was 400 mls/mlnute. 

After the application of the third basecoat, 
the panel was dried at 35-42<^C for lO minuties and there 
were then applied three coa-ts of the clearcoat con^sit- 
ion described in stage D above. The three coats were 
applied wet-on-^et with a two-aiinute flash-off period 
between the coats and a final 3 -minute flash -off period. 
The panel was then pre-heated at 7qPc, followed by 
stoving at ISO^C for 30 minutes. 

The coating thus obtained had excellent *flip' 
and freedom from shear and was equivalent in appearance 
to the best completely solvent-borne metallic paint 
system. Gloss and inter coat adhesion were good and there 
was no sinkage of the clearcoat into the basecoat. 



15 



20 



25 



A. 



EXftMPLE 4 

Preparation of aqueous dispersion of polymer 
micr opart i cles . 



To a reactor fitted with stirrer, thermometer, 
reflux condenser and meazis for controlled introduction 
of two separate liquid feeds, was charged:- 

demineralised water 29 .030 parts 

followed by a pre-mixed' blend of 

methyl methacrylata 

ammonivmi salt of sulphate of 
(nonylphenol + 5 rools.. 
ethylene oxide) 

The contents of the reactor were heated to 80-85°C with 

stirring and the following pre-mixed ingredients were 



0.029 part 



0.029 part 



methyl methacrylate 0.069 part 

the reaction mixture was held at 80-85®C for 15 minutes, 
following which there was added a blend of 
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deiriineralised water 0.67 part 

anuaoniuxn persralpliate O.021 pa:rt 

After the contents of the reactor had been held at 80-85^C 

for a further 20 minutes, the following pre'-mixed ingred- 

S ients were fed into .the reactor at ^ constant rate over 

3 hours:- . . 

butyl acrylate 10.758 parts 

methyl methacrylate 10.189 parts 

allyl methacrylate 0.686 part 

ammonium salt of sulphate of 
(nonylphenol + 5 mols. ethylene ' 
lO oxide) 0.081 part 

and simultaneously there was fed into the reactor at a 

steady rate, over the same period of 3 hours, a solution 

of 0.037 part of ammonium persulphate in 4.985 parts of 

deminer alis ed water; 

15 After completion of the above feeds, the 

contents of the reactor were held at 80«-'85^C for 1 hour. 

There was then added 34.716 parts of demi nera lis ed water 

and the temperature was brought bade to 80->85^C; the 

following pre-mixed ingredients were then added at a 

20 constant rate over a period of 1 hour:-- 

methacrylic acid 0.950 part 

butyl acrylate 2.035 parts 

hydroxyethyl acrylate 1.357 parts 

methyl methacrylate 0,950 part 

ammonium salt of sulphate of 
(nonylphenol + 5 mols. 
25 ethylene oxide) 0,028 part 

and simultaneously, at a steady rate over the same period 

of 1 hour, there was fed into the reactor a solution of 

0.019 part of ammonium persulphate and 0.016 part of 

sodium borate in 0.596 pairt of demineralised water. 
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At the completion o£ both feeds « the tenperature of the 
reaction mixture was held at 80-85^C for 1 liotxsc, after 

which it was rapidly . cooled to give a stable aqueous 

dispersion of polymer microparticles* The dispersion.'/^ 
5 had a toteil non-volatile solids content of 30% and a 
content of non-volatile solids insoluble in organic 
solvents of 27%. 

B. ' Preparation of basecoat -composition 

The dispersion obtained from stage A was 

10 brought to pH 8.0 by addition of dimethylaminoethanolr 

and 54.15 parts of this was charged to a mixer. There 

was then added, in the order stated, the following 

ingredients : - 

demineralised water 18.91 parts 

15 butoxyethanol 8.12 parts 

aluminium pigment concentrate 
(as described in Example 1(C)) 18.02 parts 

The mixture was stirred for 1 hour, to give a basecoat 

composition having the following characteristics:- 

solids content: 25.8^ 

apparent viscosity Tl ^ : 20 poise at shear rate D 

« 1 sec^-^ 

0.2 poise at shear rate D 

as 10,000 sec*"^ 

C. Application of basecoat and clearcoat to a 

substrate 



20 



25 



To a metal panel prepared with primer and 
surf acer there were applied by spray, without further 
thinning, two coats of the metallic basecoat composition 




30 



subsequently applied was that described in stage P 

of Example 1, and the procedure for application of both 
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the baseeoat and the clearcoat coi^p slliions was otherwise 

the seune as that described in stage 6 of Exaxi^le !• 

The results obtaihed were sljoilar to those 
described in sta^e 6 of Example 1.' 

Comparative Example A 

A. Preparation of silver metallic baseeoat 

without microparticles . 

To a stirred mixer were charged 

aluminii^m paste (metal content « 65^^} 6.0 parts 
2^utoxyethanol 18.7 parts 

The charge was stirred for 30 minutes, then the following 

were added:*- 

hexamethoxymethylmelsuciine 4.3 parts 

polypropylene glycol 

(average mol.wt. 400) 2* 9. parts 

and stirring continued for a further 1 hour. There were 
then added, with stirring over a period of 30 minutes, 
51*2 parts of a 33.5'^ solids aqueous solution of acrylic 
polymer made as described in Exeuixple 5(c) below, followed 
by addition of 16.9 parts of demineralised water. 

A baseeoat coinposition was thus obtained which 
had the same pigment : binder ratio, the same ratio of 
hexamethoxymethylmelamine to total non-volatile matter 
and a very similar value (0.3 poise) of the apparent 
viscosity at D = 10,000 sec as are quoted in 
Example 1 for a baseeoat composition according to the 
invention. Th& appeurent viscosity at high shear rate of 
the con^osition containing no polymer microparticles 
indicated that it was suitable for application by spray- 
ing on to a substrate; but its apparent viscosity at low 
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shear rate^ viz. D = 1 sec was found to be approx- 
imately l^O poise only^ showing that the corapoaition had . 
only slight pseudoplastic or thixotropic properties. , 

nhe basecoat composition was applied to a panel 
and over coated with an acrylic clearcoat con^osition in 
the manner described in Example 1 (6) , the clearcoat 
cOT^sitlon employed beizag that described in Bxainple'. 1 (E) 
and (F) • iSie silver metallic coating so obtained had a 
very poor 'flip' and exhibited patches o£ 'shear'. It was 
also subject to 'popping' during the stoving operation. 



11/17/1999 12:00:21 Seite-42- 



■00.38127 

Examples 1-4 lllustra'te the Invention as 
applied to the production of "glamour metallic" finishes. 
In the following Example, its application to "solid 
colour" finishes is illustrated. 

5 EXAMPLE 5 

A. Prepsuration of white pigment- millhase 

OThe following ingredients were ground together in a ball 

mill for 16 hours s- 

Titanium dioxide pigment 31.3 parts 

lO 2*Butoxyethanol 18.9 parts 

Demineralised water 18.9 parts 

Dimethylaminoethanol 0.2 part 

Hexamethoxymethylmelamine 7.7 parts 

lAie resulting millbase, which had a particle size of less 
15 than 0.5 micron, was then diluted with 11.6 parts of 

2-43Utoxyethsaiol and 11.6 parts of demineralised water. 

B. Preparation of blue pigment millbase 

The following ingredients were ground together in a ball 
mill for 16 hotirss- 
20 Phthalocyanine^ blue pigment 12.9 parts 

2-Butoxyetheuiol 23.8 parts 

DemdLiieralised water 23.8 parts 

Dimethylaminoethanol 0.2 part 

Hexamethoxymethylmelamine 9.7 psirts 

25 The resulting millbase, wlnich had a particle size of less 
than 0.5 micron, was than diluted with 14.8 parts of 
2-butoxyetheaiol and 14.8 parts of demineralised water. 
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19.9 parts 
24.8 parts 
2.5 parts 
2.5 paurts 
7.4 parts 
0.7 part 



C. Preparation of aqueous solution of 

acrylic polviner . 
The following ingredients were blended 

Methyl methacrylate 

Butyl aery late 

Bydroscyethyl methacrylate 

Acrylic acid 

Isopropanol 

Benzoyl peroxide 
A mixture of 15. 0 parts of the above blend and 42.2 parts 
of isopropanol was charged to a flask fitted with stirrer, 
thermometer, refl\ix condenser and means for adding a liquid 
feed at a controlled rate. The contents of the flask were 
heated to reflux teii5>erature (84^C) and the remainder of 
the above blend (42.8 parts) was added to them at a steady 
rate over a period of 3 hours. OTie reaction mixture was 
heated under reflux for a further 2 hours, to give a 
polymer solution of 51 .0% solids content. To the solution 
there was then added 1.8 parts of dimethylamlnoethanol, 
the mixtiore was re-heated to reflux temperature and, with 
the condenser re-arranged, distillate was removed to a 
total of 33. 0 parts while 85. 0 parts of demineralised 
water were added, over a period of lO hours. The finally 
resulting aqueous solution of acrylic polymer had a solids 
content of 33.5%. 
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D . Preparation of blue basecoat composition 

Vhe jCollowing ingredients were xoi^d in the order stated : . 

White millbase as described 
in (A), above 52*25 parts 

Blue millbase as described 
in (B) / above 8.39 parts 

Microparticle dispersion. as 
described in Example 1(B) 14.62 parts 

Solution of acrylic polymer as 
described in (C) above ~ 24.33 parts 

10^ aqueous solution of p-toluene- 
sulphonic acid brought to pH 7.6 
by addition of dlmethylaroino^ 

ethanol 0.41 part 

The resulting basecoat coxnposition exhibited a viscosity 

&ec 
-1 



of 16.0 poise at a shear rate of 1 sec and of 0.53 



UO poise- at a shear rate of 10,000 sec 

E. Application of basecoat and clearcoat to a 

substrate , 

A metal panel was prepared with primer and surfacer, then 
two coats of the blue basecoat composition described in (D) 

15 above were applied by spray, without further thinning, at 
a temperature of 22^C and a relative humidity of 39%. A 
two-minute flash-off period was allowed between the coats. 
After application of the second basecoat, the panel was 
blown with air at 25^0 and two coats of the clearcoat 

20. composition as described in Example 1(F) were applied, 

the clearcoat composition having 'been thinned beforehand 
with xylene to a viscosity of 45 sees measured in a B.S. 
B3 cup at 25^C. a?he two topcoats were applied wet -on-wet 
with a two-minute flash -off between coats. After a final . 

25 three-minute flash-off, the panel was stoved at 125-130^C 
for 30 minutes - 

1!h& resulting coating had good opacity and gloss and 
there was no sinkage of the clesurcoat into the basecoat. 
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Comparative Example B 



A. Preparation of blue baaeeoat composition 

without polymer microparticles ^ 
TThe following ingredients were mixed in the order stated 



54.8 parts 

8.8 parts 
0.3 pMt 

35.7 parts 



White millbaae as described 
in Example 5 (A) 

Blue millbase as described 
5 in Example 5 (B) 

Hexamethoxyme thy Ime lamine 

Solution of acrylic polymer as 
described in Example 5(C) 

10% aqueous solution of p-toluene- 
sulphonic acid, brought to pH 7.6 
by addition of dimethylamino- 
ethanol O-^ part 

^e resulting basecoat composition eadiibited a viscosity 
10 of 1.0 poise at a shear rate of 1 sec*^ and of 0.83 poise 
at a shear rate of 10,000 sec"*^; that is to say, it poss- 
essed very little pseudpplastlc or thixotropic character. 
B. Application of basecoat and clearcoat to a 

substirate. 

15 The procedure of Example 5(B) was repeated, but replacing 
the basecoat composition described in Example 5(D) by the 
basecoat described in (A) above. In this case, considerable 
"popping" of the basecoat was observed, that is to say, air 
entrained in the basecoat separated as biabbles, deforming 
20 the surface of the film and damaging ita smooth appearance. 
Furthermore, a longer period than three minutes had to be 
allowed between the application of the second basecoat and 
t clearcoat # otherwise the basecoat was 



25 the final appearance of the panel; 
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WE CIAIM ; 

1. A process for tlie production of a multi-layer protective 

and/or decorative coating upon a substrate surface, 
whlcli cdRprlsas the steps of s- 

(1) applying to tlie surface a basecoat contposltlon 
comprising (a) a f llm->f orming material, (b) a 
volatile llqtild medium for tlie said material and 
(c) pigment particles dispersed in the said 
llqnxld medium? 

(2) forming a polymer film upon the surface frcn the 
con^osltion applied in step (1) ; 

(3) applying to the basecoat film so obtained a trans- 
parent topcoat composition comprising (d) a film- 
forming polymer and (e) a volatile carrier liquid 
for the said polymer r and 

(4) forming a second polymer film upon the basecoat 
film from the coir^sition applied in step (3) # 

characterised in that the constituents (a) and (b) of the 
basecoat composition are provided by a dispersion in an 
aqueous medium of cross linked polymer microparticles 
which have a diameter in the range O.Ol to lO microns, 
axe insoluble in the said aqueous medioam and are stable 
towards gross f locculatlon, the dispersion having a 
pseudoplastlc or thixotroplc character. 
A process as claimed in claim 1, wherein the polymer 
microparticles au:e composed of acrylic addition polymers 
derived mainly from one or more alley 1 esters of acrylic 
acid or methacryllc acid. ^ .... 

3i. A process as claimed in claim 1 or claim 2, wherein the 

polymer microparticles are produced by a process of 
dispersion polymerisation of the constituent monomers in 
a medium which consists of water admixed with a volatile 
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organic co-solvent and which is as a whole capable of 
dissolving the monomers, the polymerisation being 
conducted at a teii^rat\2re which is at least lO^C 
higher than the glass transition temperature of the' 
polymer to be formed amd in such a manner that at no 
time is there present a separate monomer phases in the 
presence of a polymeric stabiliser having one component 
which is a polymer chain solvated by the aqueous medium 
and another component which is a polymer chain not 
solvated by that meditam. 

A process as claimed in claim 1 or claim 2, wherein the 
polymer microparticles are produced by aqueous emulsion 
polymerisation of the constituent monomers. 
A process as claimed in claim 1 or claim 2, wherein the 
polymer microparticles are produced by a process of 
dispersion polymerisation of the constituent monomers in 
a non-aqueous medium in the presence of a steric stabil- 
iser,, followed by polymerisation in the dispersion thus 
obtained, also in the presence of a steric stabiliser, 
of one or more monomers which give rise to a second poly- 
mer which is inherently soluble in the aqueous medium 
of the basecoat composition at an appropriate pH, and 
finally by transfer of the res\ilting composite micro- 
particles from the non-aqueous medium to the aqueous 
medium. 

A process as claimed in any one of claims 1 to 5, 
wherein the basecoat composition contains a metallic 
pigment, has a solids content of less than 20^ by weight 

viscosity of less 




more than 20 poise at a shear rate of 1 sec' 
A process as claimed in. any one of claims 1 to 5, 
wherein the basecoat composition contains a pigment 
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Other than a metallic pigment, has a solids content' o£ . 
leas than 30*4 Jay weight npn-volatiles, and has an 
apparent viscosity of less than 1 poise at a shear rate 
o£ 10,000 sees'"''' and of more than 5 poise at a shear 
rate of 1 sec~^« 

A process as claixned in claim 3 or claim 4, jt^erein the 
production of the polymer micrpparticles in aqaeous 
medium is followed by further polymerisation in the 
same medium^ in the presence of the roicropar tides, of 
monomers giving rise to an inherently water-soluble 
polymer. 

A process as claimed in any one of claims 1 to 8, 
wherein a water-soluble polymer, capable of imparting 
pseudoplastic or thixotropic .properties to the base- 
coat composition, has been added to the aqueous disper- 
sion of the micropaurticles as a sepaurate pre-formed 
ingredient. 

A process as claimed in any one of claims 1 to 9, 
wherein the basecoat composition contains from 5% to 
80% by weight of the polymer microparticles, based on 
the total non-volatile content of the composition. 
A process as claimed in any one of claims 1 to lO, 
wherein the film-forming polymer constituent of the 
topcoat composition is an acrylic addition polymer 
derived mainly from one or more alkyl esters of acrylic 
acid or methacrylic acid. 

A process as claimed in any one of claims 1 to 11, 
wherein, after application of the topcoat coit^osition 
to the basecoat film, the coated substrate is siabjected 
to a heating or curing operation. 
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